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Abstract: This study examined tenth-grade students' (n =
263) problem solving ability (PSA) online by tapping
students' domain-specific knowledge (DSK), reasoning
skills (RS), and attitudes toward (AT) the subject with
respect to debrisflow-hazard related topics in a
secondary school of Taiwan. The students PSA was
evaluated based on a previous model (Chang, 2004)
which empirically established that students PSA is a
composite of DSK, RS and AT subscales. Major findings
are as follows. (a) The correlation coefficients among
students DSK, RS and AT were relatively small,
indicating that these subscales might have successfully
represented different constructs of students PSA; (b) A
significantly positive correlation existed between
students PSA total scores and each subscae. It is,
therefore, suggested that students' PSA may be potentially
assessed online by measuring their essential components
in the area of Earth sciences.

Introduction

Developing and enhancing problem-solving ability have long been important
objectives of science education. Recent science education standards in the
USA propose, ‘Teaching must involve students in inquiry-oriented
investigations in which they interact with their teachers and peers. . . . they
apply science content to new questions; they engage in problem solving,
planning, decision making, and group discussions' (NRC 1996: 20).

Problem-solving ability is generally viewed as the ability to think criticaly, to
reason anaytically, and to create productively, which all involve quantitative,
communication, manual, and critical-response skills (AAAS 1993). In severa
previous studies, we found that students problem-solving ability (PSA) and
their domain-specific knowledge (DSK), reasoning skills (RS), and attitudes
(AT) are closely tied together (Chang & Weng, 2002; Chang, 2004). We have
also empirically established that students’ PSA is basically a composite of DSK,



RS and AT subscales (Chang, 2004) as shown in Figure 1.

Therefore, this study took further steps and attempted to assessing students
problem solving ability online through mapping their domain-specific
knowledge of, reasoning skills in, and attitudes toward debris-flow-hazard
related topics in the area of Earth sciencesin a secondary school of Taiwan.

Figure 1: The PSA as a composite of DSK, RS and AT in the area of Earth
sciences

Method

The participants in the study were 263 tenth grade students (131 females and
132 males), with a mean age of 16, enrolled in a compulsory Earth science
course (seven Earth science classes) at a public senior high school located in
the central region of Taiwan. The Earth science course, taught two hours per
week for one semester, is required of every tenth-grade student in the
secondary schoolsin Taiwan.

Data were obtained online on students domain-specific knowledge and
reasoning skills as well as attitudes through the use of the Domain-Specific
Knowledge Test (DSKT), the Reasoning Skills Test (RST), and the Attitudes
Test (AT) in the area of Earth sciences to inquire their common
interrelationship. The web-based DSKT and RST are illustrated in Figure 2
and 3, respectively.
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Figure 2: Oneitem example of DSKT

Figure 3: Oneitem example of RST

Design and Data Analysis

A correlation research design (Campbell & Stanley, 1966) was adopted by the
study. The participants were tested online with the web-based DSKT, RST
and AT for atotal of two hours in December, 2004. The relationships among
students' domain-specific knowledge, reasoning skills and attitudes were then
determined for the total group of students using a Pearson product-moment
correlation method. According to Cohen’'s rough characterization (1988, pp.
78-83), r = 0.1 is deemed as a small effect size, r = 0.3 a medium effect size,
and r = 0.5 as the large effect size, in light of the nature and characteristics of
behavioral or socia sciences. Tests of the assumptions for the correlation and
analyses were undertaken using SPSS 11.5 (Statistical Package for Social
Sciences version 11.5).

Results and Discussions

Table 1 presents a 4 X 4 matrix of Pearson product-moment correlation
coefficients on students DSKT, RST, AT and their composite (PSA total) scores.
The findings revealed that (1) the correlation coefficients among students’ DSK,
RS and AT were quite small ranging from only 0.046 to 0.174 (r* = 0.02 ~ 0.03,
small effect sizes), indicating that these subscales might have successfully
represented different constructs of students' PSA, as shown in the RS and AT
columns of Table 1, respectively; (2) a significantly positive and high
correlation existed between students' total scores and their DSK (r 0.570 p
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<0.01), RS(r 0.774 p<0.01) and AT (r 0.572 p<0.01) scores, with
generally large effect sizes (r* = 0.32 for DSK , r? = 0.60 for RS and r? = 0.33
for AT) asillustrated in the last column of Table 1.

DSK RS AT Totd
DSK 1 .174** .046 .570**

RS 1 148 774%*
AT 1 572**
Total 1

*p<0.05, **p<0.01

Table 1: Summary of Pearson product-moment correlation coefficients among
students DSK, RS, AT and their composite (PSA total) scores

Oveadll, there existed significantly positive correlations between students
problem-solving ability and their domain-specific knowledge, reasoning skills
and attitudes of tenth-grade students in the area of Earth sciences in a
secondary school of Taiwan, correlations are great and substantial (r = .57 ~ .77,
r?=.32~.60). Theresultsare not very surprising sincein this study students’
PSA is a composite of their respective subscales. However, the results further
verify the previous model (Chang, 2004), that students PSA are highly
correlated with their DSK, RS, and attitudes components. Because it makes
sense that solving a problem is easier when students know more about the
subject, possess more reasoning skills, and hold more positive attitudes toward
the subject; conversely, that problem solving ability in a
‘knowledge-skill-attitude vacuum’ leads to minimum learning in the area of
Earth sciences.

The aforementioned results are, to a certain degree, consistent with findings
from other studies (Alexander & Judy, 1998; Murphy & Alexander, 2002),
which demonstrated that students' subject-matter knowledge plays an important
rolein their domain learning. Furthermore, the above results demonstrate that
reasoning skill is more correlated with PSA compared to DSK and AT
subscales. The finding is aso somewhat consistent with results and
conclusions from other studies in this area. For example, reasoning ability
was found to be significantly related to students success at solving
stoichiometry problems (Robinson & Niaz, 1991), concept acquisition (Lawson
& Worsnop, 1992), or their science grades (Bitner, 1991). These findings
along with conclusions from this study have a practical implication for the



practice of science education and web-based assessment in the area of Earth
sciences.

The current study found that the correlation coefficients among students’ DSK,
RS and AT are rather small, signifying that these components may have
fruitfully characterized different constructs of students PSA. Only 2 to 3
percent of the variation in respective subscales was attributable to differences
in domain-specific knowledge, reasoning skills and attitudes of students, with
small effect sizes. These data indicated that DSK, RS and AT may not only
serve as important inputs in accomplishing successful problem solving on the
debris-flow-hazard related topic but could also be treated as strong predictors
when the development of online test items is considered. Finally, it is also
suggested that students’ PSA may be potentially assessed online in the way, by
measuring their essential components in the area of Earth sciences, which can
also be applied in other areas of science.
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